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}j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eq©{l#y{  qrl°Rghjl.luxl w¬ºßy*w¬e}l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l.trl.wqvyz 
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xutrsjlqvuqr{zjl  wyÖlJu	h6qvz  qreq  s<utB°R ­jqvul  y{sjtrlwwXlªºhjll.t»qvqvk#sjt¹uÑwXl  °á»ux	hï.s~lz¤w±wqrzjÆqrzÀwXhjlm}y}jsjtvuxwXqry{zEh<u#u6y{sjtrlwwlmºh~l.l.t
tvyw1qv®l  qrzE}jy{}@y{wXqry{zwXy6qrwÊ~wXzjl.°¥Ä¬z¼y  lwy.l.uxwXl¥uzjlº }y{}~sjt¹uÑwXqry{z ³ wXhjl
ºl.qr{h¤wXl  y{sjtrlwwlªfºhjl.ltbqv }jsjz!îwXqrk*l. ³ ºh~l.l"!îqrwXh~lÖ}y{}~sjt¹uÑwXqry{zqr®.lx°Ä¬zwXhjl
.ul¥y¨u´kmuÑSqrk*qv®.uxwXqry{zî}jy{­jtrl.k ³ q©w±qr#tvl.u#wh<uxw1wXhjl¥qvz  qreq  s<utßuySq¹uÑwXl  ºqrwh
{lJuxwl.#y{sjtrlwwXl4ª²ºhjll.tßtvyxwÖqr®.l:ºqrtrtßh<uJ{l:kmyl	h<uxzj.l±wXyÆsjeq©{ly{#l.}~y  sj.l
wh<uzywXh~l.¶Bl.l 53qrj°>¸4°
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wmqrz }jqr	ÞLqvzjEuxwXuz  y{k·w¬ºßyqrz  q©eq  sjutv*qrzîwXhjl
}@y{}jsjtvuxwqvy{z§uz  qrzÅy{k*}<uqrzjïwhjl.k° ghjlP­@l.wy{zjlÆqr:wXy{l  uxz  ­@ywXh uxlÆlª
qrz¤wXy  sjl  qvzwXh~l }y{}~sjt¹uÑwXqry{z°Rghjqr|}~ye.l  sjlqr|w	uwXl  u{uqvzsjz¤wqvtVuÖzjlº }@y{}jsSª
tvuxwXqry{zy¨3u}j}jy{}jq¹uxwlqr®.l1h<u­@l.l.z´y{­~wXuqvz~l  °
D   è . è . ä   è" bä  >¡~ è  & ¥l.trl.wXqry{z  yel.mzjywmlJuÑwXl6zjlº qrz  q©eq  s<utr ³ .y{y_{l.¥qv
zjll  l  wyÖqvzjl.ul  q©{lqrw¬6uk*y{z~±wXhjl }@y{}jsjtvuxwqvy{zY°bÄ²wqvux}j}jtrqvl  ºq©wXh6u}~y{­<ux­jqvtrq©w¬('*) ³
.try{l1wy,+°gVºßymqrz  q©Sq  s<uxtvulltvlwl  uxw|uz  y{k ¨¯y{.y{qvzj¥y_{l.°ßghjlz ³ uz6qvz¤wXl{l.
- qr-	hjy{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wqrzjÖtvlzjwhy¨ðwXhjl	hjy{k*y{y{k*l.X¸
uz 2- qr|whjl}@y{qrwqvy{z´y¨y{y_{l.°|gºyzjlº 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w	uxzLw*l.zjlwXqr
qrz~¨¯y{kmuxwqvyz ¶¾  y{  uxw}@l.q¹ut tryeJuxwqvy{z~	¸:kmuJ ySJuqvyz<ut©Å­@lEtry{w6uu l.sjt©w´yx¨
ltvlwqvy{z§uz  .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l  ºqrwhÅuP{lÁkmutrt}jy­<u­jqrtvq©w¬7'18,¶¯.try{lwXy
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l.tbÉ~q©w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fitness  value  : 169
fitness  value  : 576
fitness  value  :  64
fitness  value  : 361
1170
probability  :  0.144










Roulette  wheel  :
Step  2
Step  1 
after  selection  :
New  population
Step  3
5[qv{s~l* Rá3~uk*}jtvl1y¨wXhjly{sjtrlwwlªfºhjl.ltl.trl.wXqry{zÆqrz6whjlJuly¨3n*qrz  q©eq  sjutv
Parent  1
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 {lzjl.utk#sjtrwq©ª²y{­SlwXq©{lmy{}~wqvk*qr®JuxwqvyzE}~y{­jtrl.k .y{z~qrwXy¨uzLsjk#­l1yx¨y­Sl.wXq©{l.wXy
­@l-y{}~wqvk*qr®.l  qvk#sjt©w	uzjly{sjtr*uxz  qvuySq¹uxwl  ºq©wXh*uzLsjk#­lby¨Hqrzjl.¦Ls<utrq©w¬Öuz  l¦Ls<utrqrw¬
.yzjwXuqrz¤wX¶¯¨¯y{u whjl.ylwqv.utj­<ux	Þey{sjz ³ l.l¨¯y{3l~uk*}jtrlwhjl­@ySy{Þ#y¨Yíßy{hjy{z © ¸°bpesj	h
uÖ}jy­jtvlk Juz­@lw	uÑwXl  u¨¯y{trtvy_º 
ì´qvz~qvk*qr®.l,¶By|ìÆuÑSqvk*qr®.lJ¸ 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l
'6.y{k*}@y{zjlzLwuxl wXhjl  lqr{z6y{  l.qvqvy{z6xuqvu­jtrl.°
Ä¬z§uk*qrzjqvk*qr®Juxwqvyz(}jy{­jtrl.k ³ ul.wXy{:<;±qrÖXuxq  wXyÀ­@l}<u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{qvyzH¸
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 y{k*kmyz  qrÂm.s~trw¬îºq©wXhÁuPk#sjtrwq©ª²y{­SlwXq©{l6y{}~wqvk*qr®Juxwqvyz }jy{­~tvlk qr±wXhjly{z~â<qrw*­@lª
w¬ºl.l.zwhjly­Sl.wXq©{l.qvz:{l.zjlXut ³ zjy{zjly¨wXh~l|¨¯l.uqr­jtrly{trs~wqvy{z~ßqrßy{}~wqvkmut<º°Ç.°ÈwJ°Rutrt<wXhjl
y{­Slwqrl..°»ghjlz ³ u1y{trs~wXqry{zyx¨wXhjl3ulwy±lw-qr-u#y{trs~wXqry{z:ºhjqr	hyH6l.whjltrlJuw-y{­el.ª
wXq©{l#.y{zSâ<qvwJ° ê zjl#y¨3whjl#k*y{wt¹uqrJutk*lwhjy  qr|whjl#k*lwXhjy  y¨3y{­Sl.wXq©{lºl.qr{h¤wXqrzj ³
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lÖl..yzjy{k*qvwX¥¶Bl.l¥íßy{hjyz r ¸°1ghjlÖk#sjtrwqv}~tvlÖy{­el.wqrl
¨¯sjzjwXqry{zj_9Hul y{k­~qvzjl  qrz´yzjl ¨¯sjzj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l FUFWV W qrwhjl ¨¯lJuqv­~tvll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Ä²w qr .trlJuwh<uxwwhjl±}jl¨¯ll.z~.l*{q©{l.zwyy{zjl±y­Sl.wXq©{l*Juz­@l±k*y  qrÊjl  ­¤P	h<uz~{qvz~
wXh~l.y{l.}yz  qrzj ºßlqv{h¤w.° ê z±wXhjlywhjl.3h<uz ³ whjl-¨BuwwXh<uÑwºßl-ºl.qr{h¤w»utrtSwhjly{­SlwXq©{l
qrkm}~tvqrl.RwXhjlºßuwly¨u trywRy¨qvzS¨¯y{kmuxwqvy{z~.°ghjly{z~tr*u  xuz¤w	u{lyx¨Ysj	hu k*lwhjy  qrRwh<uxw
uzy{­el.wqrlÖJuz­@l±y{z¤wXytvtrl  ­¤Py{k*}<uqrzjq©wwyuzjywhjl.y{zjlÖuz  wXh<uxwwXhjl±y­~w	uqrzjl 
y{}~wqvk#sjk,­ltvy{z~{wy:wXhjl#y{}~wqvkmut[3ulwylwJ°gh~l±kmuqvz  XuJº­<u	ÞLul1wh<uxwºßl  yzjyw
Ê<z  uxtvt|wXhjlPy{trs~wXqry{zj ³ uz  wXh<uxw:qrwqv}@y{qr­jtvlPwy {q©{lPy{k*lPºßlqv{h¤wwXh<uxwul6wXywXutvt©
qrtvtry{{qrJutºq©wXhwXh~l1wXs  qvl  y{}~wqvk*qr®Juxwqvyz´}jy{­jtrl.k°
ê wXhjlß.tvuqrJutkmlwXhjy  »ºhjl.lwXhjl|y{­Slwqrl.ulºl.qr{h¤wXl  uxl  l..qr­@l ³ ¨¯yl4juxkÖª
}jtrl ³ ­¤´pSqvzjq©xu|uz  'l.­  ¿ Z°
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µ ltvlw#qvz  qreq  s<utr±u.y{  qrzj6wy6whjlÖxutvs~l.1y¨whjl*ÊjwXzjl¨¯sjzjwXqry{z° 'y_ºßl{l ³ qrzïu
ks~trwq©ª²y{­Sl.wXq©{ly{}~wqvk*qr®Juxwqvyz}jy{­~tvlk ³ ll.utð.qrwl.qvu±­@l.qrzjÖ.y{z~q  l.l ³ whjllxutrs<uxwqvyz
y¨bwhjl±qrz  q©Sq  s<uxtv l.¦Lsjqrl.wh<uxwu¥sjzjqr¦es~l±ÊjwXzjlxutrsjl ³ l¨¯l.l  wXyuuÀÓ Ú ÔÖÔ  RÍBÐYÌ	Ë	Ë
­@l  lÊ<z~l  qvzÀykml*ux}j}jy}jqvuxwXl±ºßuJ{°±gy6u	hjqrll*whjqr ³ ­¤u}j}~tvqrJuxwqvyzEyx¨»whjl  lÊ<zjq©wXqry{z
y¨bz~y{zSª  y{k*qvz<uxzj.l ³ wXh~l#	hjy{k*y{ykmlulÊ<wt¹uxq©Ê<l  ­L¨¯y{z¤wX.°|ghjl#zjy{zSª  y{k*qvzjuxwXl 
qrz  q©Sq  s<uxtvy¨VwXh~l l.z¤wXqrl}@y{}jsjtvuxwXqry{z  lÊ<zjl ¨¯yzLwmÉ~qvzwhjl sj­~lw|y¨l.kmuqrzjqvz~¥qrz  q©eq  ª
s<utr ³ whjlÖzjy{zSª  y{k*qrz<uxwXl  y{zjl.  lÊ<zjlÖ¨¯yzLw#¿ ³ uz  yy{zNÉðwXhjlÖºy{wqvz  qreq  s<utr  l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